More than 90 million Americans have cardiovascular disease (CVD) and upwards of 6 million hospitalizations occur each year because of the disease. 1 Although cardiovascular treatments and outcomes have improved greatly in recent decades, high rates of rehospitalization continue to put enormous strain on the U.S healthcare system. [1] [2] [3] According to recent estimates, approximately 1-in-5 patients hospitalized for cardiovascular care will be readmitted within 30 days after discharge 1, [4] [5] [6] ; and upwards of 40% to 50% will be readmitted within 6 months. [7] [8] [9] [10] Studies have shown that receiving timely outpatient care is crucial for the effective treatment of CVD and preventing the exacerbation of symptoms that require inpatient care. [11] [12] [13] However, more research is needed to better understand whether barriers to medical care may be impediments to disease management that can increase subsequent hospitalizations in CVD patients. 14, 15 Prior studies have shown that adults who lack adequate access to routine medical care have greater numbers of emergency room visits and higher rates of admission than those with sufficient access to ambulatory care. [16] [17] [18] Access to care is a multifactorial measure and much of the existing literature on its association with hospitalization has focused on the availability of healthcare through insurance coverage, physical distance to hospitals, and the number/density of physicians in a location. [19] [20] [21] [22] [23] Far fewer studies have assessed patient-reported difficulties in access to care 24, 25 and research focusing exclusively on CVD patients has been limited. 13, 16, 26 Moreover, no existing studies have explored whether the reasons for reported difficulties in access to care (e.g., transportation) have implications for the risks of readmission in cardiac patients.
This study used data from cardiovascular patients admitted to a large medical center to investigate the correlates and consequences of inadequate access to routine medical care. The primary objectives of the study were to examine: (1) the overall frequency of CVD patients reporting difficulty in access to routine care; (2) the clinical and non-clinical factors associated with patient-reported difficulties in access to care; (3) the unadjusted and adjusted associations between access to care and risks for 30-day readmission; and (4) whether risks for readmission vary according to the reasons attributed to difficulty in accessing routine care.
Methods

Sample
Data for this study come from patients admitted for the treatment of cardiovascular-related conditions at Duke Heart Center in the Duke University Medical Center. Participants in the study were ages 18 and older upon admission and enrolled from January 1, 2015 through January 20, 2017. Patient data were collected from electronic medical records (EMR) and from a standardized survey. Patient EMRs were extracted using the Duke Enterprise Data Unified Content Explorer (DEDUCE) with support from Duke's Office of Clinical Research. A total of 5387 patients were admitted during the study period and were eligible to participate in the study. Interviews from randomly-selected patients were conducted prior to discharge using a standardized self-administered survey to ascertain detailed information on a range of individual characteristics-including sociodemographic background, psychosocial resources, healthcare utilization, and health status. Overall refusal rates were low (b5%) and the survey responses were collected using a brief (5-10 minutes) self-administered paper questionnaire. Prior research compared patients enrolled in the study with all eligible patients at Duke Heart Center and showed that the two patient groups had similar demographic and clinical profiles. 27 No compensation was provided to patients who participated in the study. Further details on subject selection, recruitment, and survey administration have been documented elsewhere. 27 The final analytic sample for this study included 520 patients who provided informed written consent to participate in the study and completed the survey. No extramural funding was used to support this work and the authors are solely responsible for the design and conduct of this study, all study analyses, the drafting and editing of the paper and its final contents. The study was approved by the Institutional Review Board at Duke University Medical Center.
Measures
Access to routine medical care was ascertained by the question: "overall, how difficult is it for you to get routine medical care (in a hospital/clinic) when needed?" with the following response categories: (1) extremely difficult, (2) moderately difficult, (3) somewhat difficult, (4) not very difficult, or (5) no problem at all." Most patients (~85%) reported little or no difficulty in accessing routine care 16, 25, [28] [29] [30] [31] ; therefore, responses were dichotomized to those with any reported difficulty in access to care (categories 1, 2, and 3) and those with little or no difficulty (categories 4 and 5). Reasons for difficulty in accessing care were also provided by patients and categorized according to (1) cost, (2) transportation issues, (3) scheduling appointments, and (4) other/unspecified reasons. Other possible reasons included "work issues" and "family issues" and were subsequently categorized as "other" (only one patient indicated work issues).
Detailed measures of the patients' background, utilization, and health characteristics were ascertained from medical records and the completed surveys. Demographic characteristics included age, sex, and race (white vs. non-white). Socioeconomic characteristics included educational attainment (high school [HS] education or less vs. more than HS education), employment status (currently employed, not employed, or retired), and health insurance (no insurance, Medicaid only, Medicare, or other source[s]).
Psychosocial factors included marital status (married or not), social support, life stressors, and depressive symptoms. Social support was measured by summing responses to the questions (a) "is there someone available to you whom you can count on to listen to you when you need to talk?;" (b) "is there someone available to you to give you good advice about a problem?;" (c) "is there someone available to you who shows you love and affection?;" (d) "can you count on anyone to provide you with emotional support (talking over problems or helping make a difficult decision)?;" and (e) "do you have as much contact as you would like with someone you feel close to, someone in whom you can trust and confide?" 32, 33 The scale ranged from 0 to 20 and had high internal consistency (Cronbach α = .92; McDonald's ω = .94). Life stressors were measured by summing responses to the questions (a) "how often do you feel stress at home?;" (b) "how often do you feel stress because of financial concerns?;" and "how often do you feel stress because of your health?" 34 The scale ranged from 0 to 9 and had adequate to high internal consistency (Cronbach α = .65; McDonald's ω = .81). Depressive symptoms were measured using the 8-item version of the Center for Epidemiologic Studies Depression (CES-D) Scale 35, 36 -range = 0 to 24; Cronbach α = .79; and McDonald's ω = .88.
Health-related characteristics included diagnosed hypertension (ICD-9: 401; ICD-10: I10), diabetes (ICD-9: 250; ICD-10: E10, E11), acute myocardial infarction (ICD-9: 410; ICD-10: I21), heart failure (ICD-9: 398.91, 428; ICD-10: I50), atrial fibrillation (ICD-9: 427.31; ICD-10: I48), disability in activities of daily living (no [ADL] disability vs any disability), and body mass index (calculated as kg/m 2 ). Healthcare utilization factors included the reported place of routine care (primary care clinic or doctor's office, specialist clinic, urgent care or emergency room, or other place[s]), the number of hospital admissions in the previous year (ascertained from EMRs), and the length of stay (in days) for the current admission.
Preliminary analyses also examined variables for diagnoses of other chronic conditions (eg, chronic obstructive pulmonary disease, hyperlipidemia, etc), smoking history, alcohol consumption, medication adherence, and living arrangement; however, the results were not significant and the variables were dropped from the final analyses. We also used alternative coding strategies for categorical variables (eg, different categories, cut-points, and reference groups) and continuous variables (eg, logged, polynomial, and grouped-ordinal scales) to select measures based on distributional and substantive considerations.
Outcome
All-cause readmission within 30 days of discharge was the primary outcome for analysis. 37, 38 The timing of readmission was calculated by the number of days after discharge from the index admission to a subsequent hospitalization in the Duke University Health System. Nine patients were identified as having died during the study period. Most of these patients (n = 7) were readmitted within 30 days of their index hospitalization and two other patients had died within 60 days of their discharge-and were subsequently categorized into the 30-day readmission group. The rate of readmission (20.2%) in our study of cardiovascular patients was consistent with national estimates and with readmission rates documented at other NC hospitals. 39, 40 Preliminary analyses also assessed 60-day readmissions and the overall results were the same as the 30-day endpoint reported here.
Analysis
The analyses were carried out in four steps. First, the overall distributions of patients were calculated across study measures. Next, we used univariate and multivariate logistic regression models to examine the factors associated with difficulty in accessing routine medical care. The third step of analysis examined the association between reported differences in access to routine care and 30-day readmission. Kaplan-Meier curves were used to demonstrate differences in the risks of readmission after discharge and log-rank tests were used to indicate statistically significant differences between patients with and without difficulty accessing routine medical care. We then estimated unadjusted and adjusted logistic regression models to examine the odds ratios (OR) for (i) the overall difficulty in accessing care and (ii) the reported reasons for difficulty associated with readmission within 30 days after discharge. Finally, predicted probabilities (PP) of 30-day readmission were estimated and plotted from the fully adjusted models.
All models were estimated with robust standard errors and accounted for clustering based on place of residence (county). Preliminary analyses also assessed for possible collinearity and/or over-identification in the estimated models. Results showed that correlations among study covariates were low (avg. coefficient = .14 [range = .00-.49]) and variance inflation factors, condition numbers, and tolerance levels were well below the threshold suggesting multicollinearity (ie, VIFs ≤2.5). Missing data were minimal across study measures (≤3%) and multiple imputation methods were used in the logistic regression models. Differences were considered statistically significant at P b .05. All analyses were conducted using Stata 14.2 (StataCorp LP, College Station, TX).
Results
Patients enrolled in the study had a median age of 65 years (interquartile range [IQR] = 19), were predominantly male (61.2%), non-Hispanic white (64.6%), Medicare beneficiaries (64.9%), and a large percentage had a high school (HS) education or less (38.5%) and were not employed (26.9%) ( Table I) . The majority of patients were married (53.1%) and most reported generally adequate levels of social support and moderate levels of stress and depressive symptoms. In terms of health status, many patients were diagnosed with hypertension (49.0%), diabetes mellitus (27.5%), heart failure (34.0%), acute myocardial infarction (11.4%), and atrial fibrillation (30.3%); and a sizeable percentage of patients had ADL disability (57.0%). Study participants averaged less than 1 hospitalization in the previous year and the median length of the index admission was 5.1 days.
Most patients (84.3%) reported little or no difficulty in accessing routine care. However, 15.7% of study participants reported that their access to routine medical care was somewhat to extremely difficult. Of those, the most common cited reasons for this difficulty were transportation issues (20.0%) and scheduling appointments (27.1%). Forty-two percent of patients provided other/ unspecified reasons for the difficulty. Patients who were younger, male, non-white, and uninsured were significantly more likely to report difficulty in access to care than their respective counterparts (Table II) . Patients with higher levels of social support were significantly less likely to report difficulty in getting care; whereas, patients with more stressors, depressive symptoms, heart failure, and those who typically received their care outside of primary or specialty care settings were significantly more likely to report difficulty in accessing routine care. Results from the multivariate model showed that inadequate access was negatively associated with social support (OR = 0.92; 95% CI, 0.88-0.97) and BMI (OR = 0.97; 95% CI, 0.94-0.99); and positively associated with depressive symptoms (OR = 1.06; 95% CI, 1.00-1.13), emergency/ urgent care (OR = 2.38; 95% CI, 1.32-4.30), and other places of routine care (OR = 2.55; 95% CI, 1.07-6.08).
The overall 30-day readmission rate was 20.2% for study participants. Patients who reported difficulty in accessing routine care had significantly higher rates of readmission within 30 days than patients who did not report difficulty (33.3% vs. 17.9%, respectively; P = .001) (Figure 1 
Discussion
Cardiovascular disease is the leading cause of hospitalization in older adults and high rates of rehospitalization have put enormous strain on the U.S. healthcare system. [1] [2] [3] [4] In our study of a large medical center, we found that nearly 1-in-6 patients with CVD reported difficulty in accessing routine medical care. In addition, we found that patient-reported difficulties in accessing care-and the reasons for these difficulties-were strongly associated with the likelihood of being readmitted within 30 days after discharge. These risks remained largely unchanged after accounting for nearly two dozen covariates and the risks were not uniform according to the barriers identified in accessing care.
Several studies have demonstrated that inadequate access to healthcare can increase hospitalizations among patients with ambulatory care-sensitive conditions (eg, asthma, diabetes, pulmonary diseases, heart failure). [41] [42] [43] To date, most studies have defined access to care based on insurance coverage or spatial factors (ie, urban/rural residence, distance-to-hospitals, physician density) and few have focused exclusively on patients with cardiovascular disease. 13, 16, 19, 20 This study was the first to show that patient-reported barriers to routine healthcare may have significant consequences for CVD patients. We found that one-third (33.3%) of patients who reported difficulty in getting routine medical care were readmitted within 30 days after discharge; compared with less than 18% of patients who reported little or no difficulty in accessing care. Moreover, these risks were independent of the patients' sociodemographic background, health insurance status, psychosocial resources, and health status. Our results also demonstrated that risks for 30-day readmission were especially high in patients who reported issues with transportation and scheduling appointments, but not for other reasons. We found that patients with difficulties due to transportation were more than twice as likely to be readmitted within 30 days than patients who reported no difficulty accessing care (41.2% vs. 17.8%, respectively)-and the differences remained largely unchanged after multiple adjustments. Previous studies have suggested that an inability to drive independently, extended travel times, fuel expenses, and the availability/costs of parking are important contributing factors that may limit a patient's access to routine care. [44] [45] [46] [47] Accordingly, further analysis of our data showed that most patients with transportation issues had relatively low SES, low levels of social support, and disproportionately more ADL limitations. However, these and other factors included in the study did not account for the association between transportation difficulties and rehospitalization; therefore, we encourage additional research to further investigate the potential mechanisms at play. Patients who reported difficulty scheduling appointments had the highest rate of readmission within 30 days (43.5%). Although the challenges of scheduling doctor visits have not been as widely documented in the literature, previous studies suggest that the lack of timely appointments, prolonged waiting periods, and the general difficulties involved in navigating follow-up care are the most commonly cited barriers in scheduling appointments for medical care. 25, 44, [48] [49] [50] The degree to which these factors played a role in the findings is unclear without additional qualitative data on the explicit reasons attributable to difficulties in making appointments. Nevertheless, our analysis adjusted for a broad range of factors-e.g., socioeconomic background, psychosocial resources, utilization history, and health status-and the results remained largely unchanged. Additional studies are needed to build on these findings and provide further insights into the most pressing obstacles in scheduling routine care. The results from this study have potentially important implications. Our results suggest that screening patients for difficulties in access to care may help identify those at increased risk for rehospitalization after discharge. Subsequent analyses of our data showed that almost all patients with transportation issues reported that their usual place of care was a primary care clinic. This suggests that efforts to improve transportation services, provide reimbursement for parking/fuel, or identifying other methods to alleviate transportation difficulties may be cost-effective approaches to improving patients' access to routine care and ultimately preventing poor health outcomes. We also found that having difficulty scheduling appointments was not limited to patients in the primary care setting and included those who reported visiting specialty clinics for their routine care. Accordingly, studies have shown that more coordinated discharge planning and scheduling of early physician follow-ups can significantly improve patient outcomes and lower subsequent readmissions. 11, 13, 51, 52 Therefore, greater clinical and administrative assistance could be provided to help patients make follow-up appointments with their primary care provider or specialist.
Several limitations of the study should be acknowledged. First, we recognize that the findings are limited to patients admitted for cardiac care at Duke Heart Center and may not be generalizable to all cardiovascular patients. Relatedly, additional larger studies are needed to assess whether and to what extent patients with certain forms of CVD (eg, heart failure, acute MI, etc) may be more/less impacted by difficulty in accessing routine medical care. Third, our study lacked data on follow-up care or procedures that patients may have received within 30 days after discharge that may have influenced their risk of readmission. Finally, the 30-day readmissions identified in our study were limited to the Duke University Health System and may not have captured all rehospitalizations of study patients admitted to the Heart Center. As noted above, the rate of readmission in our study of cardiovascular patients was consistent with national estimates and with readmission rates documented at other NC hospitals. 39, 40 Preliminary analyses also assessed the proximity of the patients' residential location with the Duke healthcare system (ie, surrounding areas, distal areas, and out-of-state) and we found it had no association with readmission and did not change the final results.
Conclusion
To our knowledge, this study provides the first evidence of how patient-reported difficulties in accessing care-and the reasons for these difficulties-are associated with 30-day readmission in cardiovascular patients. The results from our analysis of a large medical center provide strong evidence for the importance of routine care to improve patient outcomes and we encourage future studies to further validate and build on these findings. A greater understanding of patients' access (and barriers) to medical care has the potential to assist in clinical decision-making, improve transitions of care, and ultimately improve the lives of those living with CVD. Role of the Sponsor: The SSRI, NCATS, and NIH had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
Disclaimer: The views expressed in this article are those of the authors and do not necessarily reflect those of Duke University, NCATS, or NIH. Abbreviations: OR, Odds ratio; CI, confidence interval. * Adjusted for age, sex, race, educational attainment, employment status, health insurance, marital status, social support, life stressors, depressive symptoms, hypertension, diabetes mellitus, acute myocardial infarction, heart failure, atrial fibrillation, ADL disability, body mass index, place of routine medical care, number of prior admissions, and length of stay (in days) for current admission. † Category includes patients who reported difficulty due to "cost" (n = 5).
Figure 2
Predicted Probability (95% CI) of 30-Day Readmission by Reported Difficulty in Access to Routine Care and the Reported Reasons for Difficulty among Patients with Cardiovascular Disease (n = 520). Abbreviation: CI, confidence interval.Notes: Adjusted models included age, sex, race, educational attainment, employment status, health insurance, marital status, social support, life stressors, depressive symptoms, hypertension, diabetes mellitus, acute myocardial infarction, heart failure, atrial fibrillation, ADL disability, body mass index, place of routine medical care, number of prior admissions, and length of stay (in days) for current admission.
a Category includes patients who reported difficulty due to "cost" (n = 5).
